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ABISTRIACT

Diuring a1 Titain III D launch ait Vandunberg AFI3, suund pressure levels
wcre rteeurdi-d (m tapte ab ai lunctiun ol tjimhe at Icur distances v'arying from
8,400 it to 44, 000 ft trul) the l.aunch situ. One-thiid octiAvU band data were
ubtaiinud frun: the i curdinlgs' u-Sing 1real tiume analysis tecchniques. Some
limited %vibradtiun (auclCIriation) dati wurc Also (:olleLutcd at the La Purisimra
Mission. ai historical park IlocAtd uppro>,imiituly ult--vun miles fyoni the
launch SitU.

These data are discussed in re~llaion to Whe crnvirunmcntal impact
on commnunities surrounding Vandenberg AFB3, rind the damiage potential
uf thcsu launche~s to the- La Purisiiwa Mission State flis toneL Park. The
unvinL~nmuntdl iinPAit (,f noi~se At distances ci ight milvs or greater was
in significant.
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SECTION I

INTR1ODUCT ION

1. Purjpos_

a. On 29 Octuber 1974. nulsc ddai were t ollected at selected sites
on and nuear Vandtnberg AFB. C(.liiurnid. during a Titan III D1 launch.
"This sui vey wit-, requested by thc biuunvironntnta1l engincer. USAF
Hospital, Vandenburg AFB. Cjlilorni,. The:e data were required to
estimate the acoustical impact u, wissile launhches un communities
adjacent to Vandunburg AFLI. Lin.itud vibratiun data wYre collected in
the chapel of the La Purisinia Mission State Iiistoric Park to deternminc
the extent (f vibration ndiucetd in thesu historical structures during
launches.

b. Bi,3ceusL of the siriilarity between the Titan III D and launch
vL.aicle systcmis for the sIjce Shutth;, these data are also to be used
by personnel ut the Spatit. and Missik Systems Organization (SAMSO)
to estimate the acoustical impact cxpectud trum space shuttle launches.

2. Scope ofStudyz_

a. Overall and one-third octave band sound pressure levels as a
function of tinCe weC c nLasured at four sites. The frequency distribu-
tion of peak and background noise was n.casured at cach site.

b. One-third octavLe band accetleraticn levels were measured on
a roof bean. of the La Purisima Mission Chapel. having !he longLst ftee span.

3. Personnel Contacted:

a. Lt Col Lynn H. Channell: Chief. Environmental ttealth Srervice.
USAF flospital, Vandenberg AFb.

b. Mr Clark Pease: Programs Support Manager, Programs Dtivi-
sion. Range Operations. SAMTEC, Vandenberg.

c. Mr Mason: Area Director of State Listoric Parks, La Purisima
Mission.



4. Personnel C unductingý S~urvp.g_y §i Survey Hsponibilitius:

a. Maj lionald B. Burnett, USAF Environmental Hlith Laboratory
(USAFEIHL), McClellan AFB: P'rujct Engineer and Vibration Measure-
nments.

b. Capt Larry Shingler, SAMSO/SGX, Los Angeles AFS: Noise
NleasurLtnelt at Oak Mountain Site.

c. 1st Lt larry P. Guy. USAFEIIL. McClellan AFB: Noise Muasure-
mient at Tranquillun Ptik.

d. SSgt Ed Cox. USAFEIIL. McClellan AFB: Noise Measurement
at ldnge Operations (Building 486) ,

e. Mr Philip Diamond, USAFEHL, McClellan AF13: Noise Measure-
n.ent at SLC-3 blockhouse.

SECTION II

SURVEY DESCRIPTION

I. McabuIU:[Uent Sites. Iine !catiun of thc measurem, ent sites in rela-
tion to the launch site are shown in Figure 1. Ta;3he I indicates the
namu o the measurement location and its designation on Figure 1.

TABLE I

IDENTIFICA FION OF MEASUREMENT SITES

Figure 1 Designation

MCu 1tadial Location

SLC-3 Blockhouse 2 A

Range Operations (Bldg 488) 3 A

Tranquillon Peak 3 B

Oak Mountain 3 C

La Pusisima Mission 2 D

z
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2. Bt.s.ih Niasur.aiat and Ana!Ysib Techni-ques

a. Noise.

(1) MNlasurtuint: Missile noise levels were recorded on
Ampex 434 low nUi-se tape ,ndd undlyzvd in the laboratory to obtain one-
thimd uctavc band miund pi essure lt.evls as a function of tine. A 111.
deIcibel (dt1) . 1000 hlertz ({tz) calibrationr tone was recorded prior to and
following the actual noise in.asuruieints. The frequency distribution
(1/'3 uctav%' hands) ol peak noisu lVUl-S was also detrnrmined. Overall
sound pressure levuls weltu calculated Irom the 1/3 octave band data and
presented as a function €I ti.:. A blvcli dieagram showing the measure-
nIent eUquipnnt set up is prusnteLd in Figure 2.

(2] Analysis: The taped data were analyzed using a real time
noise and vibration analysis system. The 114 di3, 1000 Hz, calibrl-
tion tonte rucorded ui, each tape was used as a reference lcvtl for analysis
(l thu taped noise. A frequency response curve for each recording and
playback systvim was Ulso developed to align ddta output during analysis
in the laboratory. The recording and analysis systemb accuracy was

determined by ia sinmplilied unce:rtainty analysis (gee Appendix A) and the
uncertainty (limit of error) in thu resulting data was ± 1 .9 diB. A block
diagram of the noise analysis systuim is shown in Figure 3.

b. Vibrati• n:

(1) MeasurT.'nt: Two vibration pickups (accelerometers)
were placed on a roof beam appearing to have the longest unsupported
length. Vibration data (acceleration) were recordcd on a dtual channel
tape recorder. The taped data were analyzed in the laboratory to obtain
acceleration and Irequency distribution data. Figure 4 shows a block
diagram uf the vibration measurement system.

(2) Analysis. Tlie taped data were analyzed using thi real
t"111 fluiSe alludn V-ibraiol analybsit bysicll. A one g (g = AccelcrLtiolf of

gravity) , 100 liz, calibration signal we.s recorded onr the tape to be
used as a reference signal during analysis of the taped vibration data.
A frmquuncy response curve ior each measurement and playback
channel was also developed to align the data ,utput during analysis.
The vibration analysis system was identical to that used fur Jiulse
analysis (Figure 3)

4



FIGURE 2

NOISE MEASUREMENT SYSTEMS

U General Radio 1562 A Calibrator

Polyurethane 1 I000 liz, 114 dB Calibration Tone

Wind Screens
on Micro- [7 General Radio
phone 1560-P5 Ceramic

Microphone & Uher 4000
1560-P40 & 42 General Radio-
Preamplifier 1558-BpnlOctav 'ape Recorder

Band An~alyzer 'aeRcre

This Gystern used for all sites except Tranquillon Peak

lBruel & Kjaer (13&K)I-- 4230 Sound Level Calibrator

Polyurethane , 1990 IHz, 94 dB Calibration Tone

Wind Screens A-
on Micro- flB&K 4144145
-*hone Condenser Microphone

"& 2805 DC Fuvrer -
Supply Module Nagra

SModel 4D1A ru

This system was used at Tranquillon Peak
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FIGURE 3

NOISE ANALYSI'S SYSTEM

Note, Only the noise data taped at Tranquillon Peak were played back
for analysis with the Nagra recor:ler. The other tapes Vrec played
back with the Am-ipex AG-359.

Nagra- 4D
Tape Recorder

or

[Arnpexj General Radi Gen~eral Radio Seris 0
AG-350 1925 Multifilter 1916 Mdltichannek eries BOO

113 Octave RMS Detr ctor Printer

IeproducerI-I I_ _ _ _ _ _
Ame General

Smpexke Rai
S r1921-PI
_ _Scope
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FIGURE 4

VIBRATION MEAS UREMENTS

Calibration

GR 1560-Pb?. GR 1560-PZlB
.. .Accelerometer Control Box Set

General o(3 Mv/g Sen.) on Acceleration Mden___---

Raedo 155-4, Mode 1eneralr
Vibr1tion r-....2.. A_" Ampex

Calibration 
.1551-C PRl10

1 g at Sound Level Meter nel

Tape
-eneral Recorder

Radio
' II ' • 1551-C I I ___ __.

GR 1560 P-53~ 1560-PZ3 Sound Level Meter

Accelerometer Control Box
(74 Nlv/g Sens.) Set on Acceleration

Mode

Mea-surement

2" x 12" Beam Cross Section

Stud Mounting o:

S'GR 1551-C
lMeter

I A DAmpex
--- lw PR-10

Dual
Channel

3. 
Tape

Recorder

opp --- otz~d Level
IMeter

7A = Channel A

B = Channel B



SECTION III

DISCUSSION AND RESULTS

1. General. The preduminantly low frequency noise, characteristic
oi rocket engines, was difficult to measure and analyze with the labora-
tWry's nuise analysis systems which are normally used lor a frequency
range of 25 liz to 10 Kllz. ttLwever, by recording the noise levels
dt 7 1/2 inches/isecond (ips) and playing them back at 15 ips, which
cssentially doubled the frequency of the recorded noise, it was possible
to obtain 1/3 octave band sound pressure level data from 15.75 Hz to
8 Kliz. Thu vibration data wre limnited by the frequency characteristics
of the measuring 0quipmunt to a range ot 25 Hz to 2 Kltz. These equip-
ment limitations, the lack of experience of laboratory personnel in
measuring and evuluating vibration, coupled with a lack of existing
vibration criteria ,.peciLying son.ý. level at which structural daniage
might be expected to occur, severely limits the confidence which can be
placed upon the vibration data and their interpretation.

2. Noise:

a. One-third octave band and overall sound pre:,sure levels.
These data are presented as a function of time in Tables II thru V.
Since the exact noist; levels occurring at each site were not precisely
known prioi- to the laundh it was necLssary 'tý- adjust the sound level
measuring and recording equipmnt such that expected peak levels
would not overdrive the instrumentation and saturate the tapes. This
procedure increased the noise flour ul the nazasurement instrumenta-
tion. Therefore., the lower noise lcvels rneasurcd in the high fre-
quencies and during the first and last seconds of the launcb may repre-
sent inherent instrumentation noise rather than actual ambient noise
levels. Where this was clearly the case the levels in the Tables are
identiiied by less than or equal signs ( I ) . The values presented in the
Tables are root mean squared (RMS) sound pressure levels over a sample
time of 7.6 seconds (8 seconds at Tranquillon Peak site) . Altliough the real
time analysis system is capable of integrating noise data in each fre-
quency band every 118 seconds, the data printer associateil with the
system cannot assimilate the data this rapidly; therefore, a 4.0
second integration time was used. Thi:i is equivalent to 3.8 seconds
actual launch tirnu because there is a slight dilference between the
record speed of the Uher field recorder and the playback speed of the
Ampex laboratory reproduction system. Thus, at 15 ips playback speed,
7.6 second6 of actual range tine, elapsed during the 4 second data inte-
gration period. The Tranquillun Peak data were played back with the

ziP



TABLE II

SLC-3 BLOCKHOUSE
SOUND PRESSURE LEVELS AND FREQUENCY DD

AS A FUNCTION OF TIME

1/3 OCTAVE BAND (Hz) LEVELS (dB re 20

2K; 31.5 40 5.07 80 1100 I?5 160200 250 315 4005006308001.0k 1l
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TABLE If

SLC-3 BLOCKHOUSE
5SURE LEVELS AND FREQUENCY DISTRIBUTION

AS A FUNCTION OF TIME

:TAVE BAND (Hz) LEVELS (dB re 20 #N/m 2 )

,00 250 315 4)0 500 630 800 1.Ok 1.25k 1.6k 2,0k Z.5k 3.15k 4.0k l. 0k 6.3k 8. tlk

7 65 71 6516516 : 65 - 65 f_65 5 65 - <65 65 :-s 65 66565 90
87 88 89 90 88 89  88 87 79 76 7? 68 68 6870 70 114

o101,100 lei102 101 98 98 96 95 92 92 90 89 89 898481 124
103 103 103 99 97 96 95 94 92 91 89 88 86 84 81 79 78 122
1101-98 94 i943 -20 90. 82 88 8_6 8483 81 d80 76 73 8,

93 85 88 86 85 83 83 82 79 78 7 74 71 69 69 70 70 II1
774 71 68 68 67 65 65 166 67 70 70 10588 : 0 86 80 81 77•' '74 71 61•8-6-'-• 6-' 0

5 76 j 0 ± - -4 70 67 65 5•-. 5 65 65 !656 5C6 5 5 99
.77 i 68 7 .5 5,..5 6 5 5 S65 : . _ -6 7 70 95

78 65 72-,.-j 91
77 2 "- ] 88

-- l 71 .... :--86
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TABLE III

RANGE OPERATIONS (BL

SOUND PRESSURE LEVELS AND FREQUENCY D
AS A FUNCTION OF TIME

1/3 OCTAVE BAND (I-Iz) LEVELS (dB re 20p|. . . .'I! . . ..
V~ 7j( ~ 3 5*V ')(3 0100 125 160 200 250 315 .400 500 630 800 1. I-

0 1 76 3 70 70 63 63 6558 59 -160 -060 558560 564 60 559q59 56O 1617.6 _80 o 78 74- 60 64 69 7. 61 62 61 63 62 61 A-64 60 60 159 0 :61

i-5--1-1 8 " 8 -8' 9 4 99 92 93 91 89 86 184_ 85 84 80 78 78 77

2 --i L 106 1103 1 0 ,110o' jl 99_ 101 101 99 9i 194 .94. •2 8 88 -7

-30.5. 113 112.105 _3 107.112 114 106 IOZ 106 103 1 8 9 1 7 931 L4 _ 2 _8 1
37. 0 115 i-zi 16 95 104 100 111 103 I01 I031 96 9 .97 ..29 .98 SQ... 90 88
45.7: 108 1 106 1021 93 99 103 1.7 99 921 92. 88 79_L 94 86 87 87 85 85
53.3 106 0lO_21_0 92 95 102 106 97_ 88 85 9• 3 89 88 87 83 82 80. _
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TABLE III

RANGE OPERATIONS (BLDG 488)

JRE LEVELS AND FREQUENCY DISTRIBUTION 
I

AS A FUNCTION OF TIME

iVE BAND (Hz) LEVELS (dB re 20pN/m 2 )

,, 250 1315 90 500 630 80011.0k 1.Z5k 1.6k 2.0k 2.5k 3. 15k 4.k 5.k 6.3k 3. o]ea
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TABLE IV

TRANQUILLON PEAK

SOUND PRESSURE LEVELS AND FREQUENCY DI
AS A FUNCTION OF TIME

1/3 OCTAVE BAND (Hz) LEVELS (dB re 20U
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TABLE IV

TRANQUILLON PEAK

'iSURE LEVELS AND FREQUENCY DISTRIBUTION
AS A FUNCTION OF TIME

:'rAVE BAND (Hz) LEVELS (dB re 20 MN/rn 2) 2_----_ _
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TABLE V
OAK MOUNTAININ

SOUND PRESSURE LEVELS AND FREQUENCY
AS A FUNCTION OF TIME

1/3 OCTAVE BAND (Hz) LEVELS (dB re 20
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TABLE V j
OAK MOUNTAIN

URE LEVELS AND FREQUENCY DISTRIBUTION
AS A FUNCTION OF TIME
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field recutder (see Figure 2), thus record and reproduce tape speeds
were the same. At this site a 4 second integration time was equal to an
actual 4 seconds of launch or range time at 7 1/2 ips and 8 seconds of
range time at 15 ips playback speed.

b. Peak Noise and Frequency Distribution; The time that peak
noise levels occurred was determined from the overall levels presented
in Tables II thru V. The tapes were then analyzed at that time using
a 1/8 second integration time- to obtain peak instantaneous noise levels
and their frequency distribution. Figures 5 thru 8 present peak noise
levels as a function of frequency (1/3 Lctave bands). The peak levels
and frequency distribution are a little more accurat. because the averag-
ing time, i.e., integration timc (1/8 second) wLis much shorter.

c. Comparison uf Measured With Predicted Noise Levels: The noise
levels measured were within the range predicted on the basis of Titan
III C. D and L noise data provided by SAMSO/LVRO personnel (see
Appendix B) . Table VI shows rduasurLd and piedicted noise levels
at each measurement site.

TABLE VI

0 1 I"vI A UYS0 1-14j' 0FDTI -0 'Ii.i~~JtJR E a PR E D 1 C T E D L t VE LS

Ground Distance Peak OSPL'S (dB) re 20 A N/m 2

Location From Launch Site It) Predicted Measured

SLC-3 8,400 124 124

Range Ops 16,200 118 120
(Bldg 488)
Tranquillon Peak 24,000 114 Iii

Oak Mountain 44,000 107 108

These overall peak sound pressure levels are plotted as a function of
dstancc in Figure 9 to facilitate extrapolation of these data to distances
greater than measured. Since low frequcncy noise is difficult to
attenuate, the use of existing data for application at different

13



c0o2

coos

I•Z

000z
0091

000 1

()OR

0 C 0t7 z

o >

o 4
eoz 0

oz €

C(91 4
U)

SZ1

08

IE9

cs

017

S "I£

P 0Z

SL 5Is

C' 0 0o C'• C'

(LUz IN )Z Oz U p) SIOAaT aflnsgJd PuflO4

14



0008

000£

000S'

00 ýz

0091

0 1

w00 - -

z 02 . o

001

7 08

c 9

s 117

s2

000

15



, (loc

oooi?

0091

0521

. oos T

p, :D 00t,

C4 -I
4csz

~az

<LD 090

C4 V . 01 0

08

£9

Os

00

(e,~ul/i'i 07 ;,. qp) sl,-4A~a'l fl8nsuc punoS

16



.000S'

COSI

000OZ

0091

05?!

008

w

z cc

004

00 001

08

0i8

S 1

Os

sz

NS - -*

(Cux/tql OZ j lap) sj:Aar~j Qzlsfia.xj Punos
17



/
.1

/
-I

- ,. - / -.

/
* /

/
/4

/ F---

*1
/

cj�-

Nt

� * . /F / -

/ -- �--. p
r�j4 .� -4�
LzJU I'
IC 7  

-- .--..-. -c/
C'

&i CCL. 'cm

CU � -4 I
U)' 0

- * .- - - -� - U

Li4

V
7

>02

0<
t t2 S

/
/

/
/

/
/

C U a a
(,y2/�fl oz �' up) 13A31 3UflSS3Ud CIUflOS

18

I;



sites and under different weather conditions should result in reasonably
accurate predictions. However, the weather data during ýhe measure-

ments are shown in Appendix C so that correction for sound attenuation
by air can be applied, if desired, when extrapolating these data to differ-
ent weather conditions.

d. Estimated Environmental Impact:

(1) The impact of any single noise event is difficult to determine
when one is concerned about levels and exposure times below those
normally considered hazardous to hearing; however, perceived noise
levels (PNL's) and effective perceived noise levels (1,PNL's) are com-
monly used to define single event noise levels, e.g., aircraft flyovers.
The maximum PNL's calculated from 1/3 octave band data (50 Hz - 10,000
Hz) are shown in conjunction with exepcted responses or judgements of
personnel exposed in Table VII (Ref. 1).

TABLE VII

MAXIMUM PNL'S AND EXPECTED RESPONSE

Ranges of
Location Max. PNL (dB) Responset

SLC-3 118i Unacceptable, annoying.!- noisy
Range Operations 114w

Tranquillon Peak 110 Urnacceptable. intrusive,
moderately noisy

Oak Mountain f105 Barely acceptable, intrusive,
moderately noisy

The PNL is calculated from a subjective unit of noisiness called the "noy ."
A sound of two noy is said to be subjectively twiue ds noisy as a sound
of one noy. Curves of equal noisiness, with sound pressure levels plotted
as a function of frequency, are shown in Figure 10. Considerably higher
sound pressure levels are required in the lower frequencies than in
middle and high frequencies to produce a subjectively equal level of
noisiness. The PNL is calculated from ihese type curves and is basically
a translation of the subjective noy scale to a dB scale. Therefoxe, the

19
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frequency or spectral characteristics of the noise significantly influence the
Vdlue of the PNL WIlculated and may appear to be lower or higher than
might be expected on the basis of overall sound pressure levels.

(2) The Noise Exposure Forcast (NEF) which is used to estimate
community response to a series of noise events can be calculated from

PNL's dnd EPNL's. The basic equations used for determination of EPNL
and NEF are shown below:

EPNL = PNL + 10 log1t

where. PNL = viaximum PNL calcuiated from 1/3 octave

bands (50 Hz - 10,000 liz) ;ourd pressure levels

t = duration, in seconds, of noise within 10 d13
of maxinIuni PNL

NEF EPNL + 10 log Nd + Nn 75
S20 1.2

where. Nd = number of day operations (0700 - 2200 hrs)

Nn = number of night operations (2200 -- 0700 hrs)

The NEF at each site was determined by assuming one Titan IIU D missile
launch per day. Thih! is pubably cm overestimate of activity. These
NEF's are shown for each measurement site in Table VIII.

TABLE VIII

NEF'S AND ESTIMATED COMMUNITY RESPONSE

Approximate
Location NEF's Estimated Community Impact (Ref. 1)

SLG-3 34 Individuals in private residences
may complain vigorously.

Range Ops 301 Commercial use - OK
(Bldg 488)

Tranquillon 27 Satisfactory for all uses eŽ.cept

Peak possibly schools, churches, hospitals,
etc.

Oak Mountain 23

ZI



It should be realized that the NEF was developed primarily for aircraft
noise after studying the reactions of large numbers of individuals to
specific aircraft noises. Also, individual tolerance varies considerably
as demonstrated by survey around London Heathrow Airport which
determined that approximately 10 percent of the population were u~tra-
sensitive to noise and objected to any outside noise intrusion while 25
percent of the population were unaffected even by very high community
noise levels (Ref. 1.2) . Therefore, these two portions of the population
(35%) will not be significantly affected by noise abatement efforts; only
the remaining 65 percent of the population will be helped by noise control
and characterizixi the noise environment. Some of the important factors
other than the actual noise environment which affect human response to noise
intrusion include:

(a) Socioeconomic status

(b) Relative importance and necessity of noise source

(c0 Relation of nuise source tc individual, i.e., an individual
who is economically dependent on the noise source is less likely to be
annoyed

(d Activity being done during noise exposure

I. sJJ ~LU~ a %A -, -- ~
Figures 11 and 12. No damage is uxpccted at distances greater than
24,000 ft.

3. Vibration:

a. Peak Vibration And Frcquenuy Distributions (La Purisima Mission):
Only the peak vibration (acceleration) levels were reported as other levels
were not significantly above background. The peak vibration levels
occurred essentially simultaneously with the peak noise levels. 92 - 100~~~~~~~~~~-ý .. . .*.,V_ ... ~ i•,i•,• u l,ý %ihrntinn wnac• indai rp- hu
seconlds Lafte(r lauiich&, indlicAi~ngb that thevirtnwaid'r h
airborne noise. Thus, noise at this site would also be a satisfactory
measurement parameter ior damage estimation as there are single event
noise criteria relating noise levels at various frequencies to structure
damage (see Figures 11 6 12). Peak and background acceleration from
25 lHz to 2000 Hlz (limiting frequencies of mcasurement equipment) are
shown in Tables IX and X.

b. Effects on La Purisima Mission:

(1) Examination of the acceleration data indicates that peak
values were only slightly above background and in some frequencies



FIGURE 11

ACOUSTICAL DAMAGE CRITERIA FOR WALLS

16 31 .5 63 12fý 2530 -rkO 1000 2000ýl AO) coo

* 1 T
+ +

X~ T-

13.LIL 12ii1 I.
WodFo.-z Ccn- PlfcQs O 'd't)oer )

- 4-

C.,~-fhrdOc~v sad enerFrquT~c-H

T'

T3



FIGURE 12

ACOUSTICAL DAMAGE CRITERIA FOR GLASS

Okiuvi' tani Ce-.it-r Frcp.-tricias

16 31 .5 43 125 250 501. 1000 29W0 4000 £Ol)

130 - - 12 inch i'larn Gicss
14inch Plo~e GIOSS

120T1

Double Strtet ~th Glass

Singl~e IrVc;'th Glass - I~

T +

C1 3 'I QC C 11Q(DC LII) nC)nC Ci)i (7)C 0QDC5C2C3Z

Ona-Third Cc-tove Bond Cant~er Frequencies - H-z

Z,1



TABLE IX

VIBRATION DATA

ACCELEROMETER A

1/3 Octave Center

Frequency (Hz) Peak Acceleration (g'e) Background (g's)

2.0K 7.8 x 10- 1 4 x 10-4

1. 6K 9.8 x 10- 5  2.8 x 10--

1. Z5K 6.3 x 10-E 1.6 x 10-4

1.0K 5.7 x 10--F 7.5 x 10-4

800 4.9 x 10-' 5. 0 x 10-5

630 4. 5 x l0-E 5.8 x I0---

500 5.8 x 10-l 8. Z x 10--

400 1. 5 x 10- 4  1.7 x 10-4

315 1. 5 x I(-" 1.9 X 10-4

250 1.8 x 10-4 8.0 x 10-6

Z00 3.8 x 10-4 1.3 x l0-4

160 1.6 x l0- 4.7 x 10-4l

125 4. 1 x l-' 4.9 x 10-4

100 6.7 x10-" 1.o x l0-1

80 5.3 x I0-4 6.7 x 10-4

63 Z.? x l1- 3  4.8 x 10- 3

50 1. 1x1z x I0- 3

4.f 2.o x l0-4  4.2 x 10-4

31.2 Z. 1 x 10-4 .8 x 10-4-_-

25 4. 0 x 10-4 1. 4 x 10-42

25



TABLE X

VIBRATION DATA

ACCELEROMETER B

1/3 Octave Center
Frequencies (Hz) Peak Acceleration (g's) Background (g's)

Z. OK Z. 9 x 10-4 1. 1 x 10-'

1.6K 2.9 x 10'4 1.4 x 10-4

1. 25K .9 x 10-4 1. 1 x 10'-

1.0K 2. 9x 10-4 1.0 x 10-4

800 2. 9 x 10-4 9.2. x 10-5

630 2.9 x 10-4 9.2 x 10-5

500 2.9 x 10-4 9.2 x I0o-

400 2.9 x 10-4 9.2 x 10-5

315 4. x lO"-4 9. 2 x 10-8

250 5. ? x 10- 4  9.2x 10-5

"i C% I -, .n n-r -
160v JL. C. x it- 9. 2 x I0"o

160 Z. 3 x 10-3  9. 2 x 10-6

125 4. 1 x 10- 3  9. 2 x 10-

100 1.5 x 10-' 9. 2 x 10l-

80 3.8 x l0-4 9.2 x c0-r

63 3.8 x 10- 4  9.2 x 10-5

50 3,8 x 10- 4  9.2 x 10-6

40 2. 9 x 10-'(

31.5 2.9 x 10-4 9. 2 x 10-S

25 5. Z x 10-4 9. z x 10"5
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the background fluctuated above peak levels.

(2) The magnitude of these acceleration values are roughly
an order of magnitude or more below levels where individuals begin
to perceive vibration. On this basis, the vibration would appear to be
inconseqpential. Seismic shock limits (Ref. 3) bur building structures
define a caution zone of approximately 0.01 g's which is well above the
maximum acceleration level measured at the Mission. The ii-easurcd
vibration levels were also well below the structural damage threshold
criteria adopted by the US Bureau of Mines (Ref. 4). If one assumes
simple harnionic motion (sine wave) the displacement can be easily
calculated from the acceleration values using the following relationship.

Displacement = Acccleration (inches/sec2 )
4 1-- (trequency) 2

The resulting displacement values were orders of magnitude below dis-
placenment limits specified for saftety trom seismic shock damage.

(3) The Civilian Conservation Corps (CCC) restored the
Mission ruins from 1934 to 1941. During the restoration certain con-
struction modifications were made to make the buildings stronger.

a--• .. .. Jr d -- -- r -- -- c. .. - - .. - IL.. .... - - l.... ..

-aICI a iAkU U i' L vU uiuakW I Ih•CUtj IIUUJILiLt inTuhuea
the use of reinforced cuncrete columns, girders, beams and massive
wooden beams. These construction modifications significantly reduce
the vibration damage potential to the restored Mission as compared
to the original adobe construction and the vibration levels measured
during the missile launch would have little if any effect on the Mission.

SECTION IV

CS ,.Yt AT ,.J .LD .

1. These noise data and sin.ilar data can be used to predict noise levels
at distances other than those specified in this report and for future launches.
The effects of varying atniuspheriL conditions are minimized because low
frequency noise iF not significantly affected by normal variations in
atmospheric conditions; however, any extreme deviations from average
atmospheric conditions should be considered when extrapolating these
data.

2. No significant environmental impact is expected to result from these
launches at distiinces of eight miles (44,000 ft) or greater from the

a7
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launch site. The relatively short duration of noise and infrequent occur- I
rence of these launches further reduces the acoustical impact. These
launches would probably be tolerated by personnel residing at closer
distances, i.e., four miles from the launch pad.

3. The acceleration (vibration) levels, ,ren-though unsophisticated
and measured at only one location within the Mission, were so small
that it is inconceivable that any damage to the La Purisima Mission
buildings could result from the vibration caused by these launches.
However, noise levels were also measured at the Mission by personnel
of the Bioacoustics Division. Aeromedical Research Laboratories and
these data should also be considered with regard to information presented
in Figures 11 & 12 beourt! any definite conclusions are drawn regarding
the damage potential oi these launches.

26I
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APPENjVDCK A

SIMPLIFIED UNCERTAINTY ANALYSIS

RECORDING & ANALYSIS SYSTEWvE
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A simplified uncertainty analysis was perfurmed on the recording and
analysis systems. Sourzes of error in recording include variations in
ndcrophone iticidence angle, tape characteristics, non-linearity character-
istics of the octave band analyzer, recorder. playback unit and real timen
analyzer, and calibration instrumentation uncertainties. The uncertainty
in the incidence angle has the potential for the largest single error in the
system as it seriously affects microphone sensitivity, especially at high
frequencies. The limit of error calculation ior the system is listed below. The
final uncertainty (limit of error) in the data presented is the ras uncertainty
of the coomponents and was calculated to be ± 1.9 dB.

Limit of Error (dB)
PARAMETER (RE: 26 MN/mr)

Amprex 434 uniformity (reel to reel) ± 1.0

Ampex AG -350 reproducer (estimated ± 0.1
nun-Iin-arity)

Uhe-r 2000L rtxorder (cstimatud non- ± 0.5
"anea±: ity)

1558 Fi.•.c-r un.ertaint', 1.0

WMiciophont Angle of Incidence ± 1.0

leal Time Analyzer non-lincarity ± 0.5

data li mit of ciror A r ± 1.

A-i
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A PPENDIX B

ACOUSTIC DATA TITAN III LAUNCHES
(SA MSO/LVRO)
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WEATHER DATA 29 OCT 74
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